The DTC-SVPWM scheme is a kind of high performance control scheme of induction motor drives to improve the high torque ripple drawback of conventional DTC. SVPWM has two PI controllers which are used to generate the reference stator voltage vector. However it is difficult to adjust the parameters of PI controller due to the complexity of the control system. The self-tuning PI fuzzy controller was proposed to adjust the PI parameters in this paper. Two inputs of the fuzzy controller are torque or flux error and error change rate. Correction coefficients of proportional and integral are outputs. The simulation results show that the proposed method can significantly reduce the torque ripple and is suitable for various motor at different working state.
Introduction
Among all control methods for induction motor drives (IMD), direct torque control seems to be particularly interesting being independent of machine rotor parameters. In the last years DTC has become a popular technique for three-phase IMD as it provides a fast dynamic torque response and robustness under machine parameter variations without the use of current regulators [1] - [3] . The major disadvantage of the DTC drive is the steady state ripples in torque and flux [4] . A torque ripple analysis since none of the inverter switching vectors is able to generate the exact stator voltage required to produce the desired changes in torque and flux, torque and flux ripples compose a real problem in DTC induction motor drive [5] . The most common solution to this problem is to use space vector modulation depends on the reference torque and flux. In DTC-SVPWM, the PI controllers substitute by the hysterics comparators [6] . A fast torque response with low torque ripple for this SVM-DTC is significantly improved with a constant switching frequency compare to classical DTC In [7] proposes a neuro-fuzzy based SVM technique for voltage source inverter and its performance is compared with the conventional based SVM and Neural Network based SVM methods. This scheme is five-layer network, receives the d-axis and q-axis voltages information at the input side and generates the duty ratios as an output for the inverter circuit. In [8] the fuzzy PI speed controller has a better response for a wide range of motor speed. In [9] it is designed a Takagi-Sugeno fuzzy controller to substitute flux and torque PI controllers in a conventional DTC-SVM scheme. Flux error after fuzzy controller generates d axis component of the reference voltage vector, torque error after PI regulator generates q axis component of the reference voltage vector, fuzzy control is widely used in direct torque control system, and the superiority of its robust has been showed in [10] .
In this paper an adaptive fuzzy PI controller along with the SVPWM technique is applied to inverter. Fuzzy PI controller is used to achieve precision torque control and minimize torque ripple. When fuzzy logic is used for the on-line tuning of the PI controller, it receives fuzzy values of the torque error and change of torque error. Its output is updating in the PI controller gains based on a set of rules to maintain excellent control performance. The proposed technique is simulated in simulink to validate the performance of the algorithm.
Basic Control Principles

DTC-SVPWM Principles
The proposed DTC-SVPWM system is shown in Fig. 1 . Three PI controllers are used for processing speed, torque and flux errors. Speed error is processed through the speed PI controller to generate torque reference. 
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SVPWM Calculation Unit
The accuracy in calculation of d U , q U is very important as they are used to generate inverter gating pulses such that direct torque and flux control for the induction motor drive achieved with minimum torque ripple [11] . SVPWM need to know the reference voltage vector in which sector, in order to use the adjacent basic voltage vector to synthesis. According to a given reference voltage component U  , U  , using Table 1 we can determine ref U the number of sector. Sector 
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Design of Fuzzy PI Controller
In this section DTC-SVPWM strategy is proposed using modified fuzzy logic controllers. In order to improve direct torque control system dynamic and static performance, the torque and flux is adjusted by the adaptive fuzzy PI controller. The structure of torque and flux controller is the same, so we only specify the torque controller. According to the analysis of step-response in DTC system, four fields of the fuzzy variables could be defined as following. The field of the motor torque feedback error T E is [-3, 3] variables. The fuzzy control rules are expressed in Table 2 and Table 3 . 
Simulation Results
We used different dynamic operating conditions such as: no load sudden change in the speed reference (from 0 s to 1 s), step change in the motor load (from time 1.6 s to 2.5 s). From time 1.0 s to 1.6 s the reference torque is 800Nm, from time 1.6 s to 2.0 s the reference torque is 1000Nm, from time 2.0 s to 2.5 s, the motor reference torque is 600Nm. Here generated torque is always follows reference torque, at this time induction motor speed is follow as reference speed (500 r/min), it shows in Fig. 3 . All the test results showed the good performance of the proposed DTC-SVM scheme with fuzzy PI controllers. In Fig. 3(a) it can be seen that the speed returns to its reference quickly when the external load changes, exhibiting strong robustness against external load disturbance and minimizing torque ripple. We use a 37KW motor to test the performance of the self-tuning PI fuzzy controller with DTC-SVPWM system. The speed is follow as reference speed (500 r/min). From time 1.0 s to 1.6 s the reference torque is 300Nm, from time 1.6 s to 2.0 s the reference torque is 500Nm. From Fig. 4 and Fig. 5 , the dynamic and static performance of the self-tuning PI fuzzy controller with DTC-SVPWM system is very good, quickening is better, control accuracy is very high, torque of the fluctuation is very small and the stability is good. 
Conclusion
The performance of self-tuning PI-type fuzzy controller based DTC-SVPWM is found to be superior to conventional DTC, in terms of torque ripples, transient torque and steady state speed errors. The simulation results show the fast torque response and low torque ripple in a wide range of operating conditions such as step change in the motor load, no-load sudden change in the speed reference.
